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(57) ABSTRACT

An apparatus for collecting RF signal measurement data at
signal ports of an RF and microwave device-under-test
(DUT). The apparatus comprises means for measuring inci-
dent and reflected RF signals at the signal ports of the DUT.
Synthesizer means for generating RF signals at a fundamen-
tal frequency and higher harmonics. Tuner means arranged
for loading the DUT under different impedance conditions

for the fundamental frequency and higher harmonics, and
means for feeding the RF signals of the synthesizer means
to the signal ports of the DUT. The apparatus may form part
of a Non-linear Network Measurement System (NNMS).

11 Claims, 1 Drawing Sheet
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APPARATUS FOR COLLECTING SIGNAL
MEASUREMENT DATA AT SIGNAL PORTS
OF AN RF AND MICROWAVE DEVICE-
UNDER-TEST, UNDER DIFFERENT
IMPEDANCE LOAD CONDITIONS

FIELD OF THE INVENTION

The present invention relates generally to Radio Fre-
quency (RF) and microwave technology, and more specifi-
cally to the measurement and processing of signal data of a
device-under-test under different impedance load condi-
fions.

BACKGROUND OF THE INVENTION

Telecommunication appliances like portable phones have
been widely adopted by the general public. Just like Local-
Multipoint Distribution Service, Wireless LAN, and Wide-
band CDMA, for example, these appliances rely heavily on
microwave technology and contain such microwave com-
ponents like mixers, low-noise amplifiers, power amplifiers,
ctc.

It turns out 1n practice that the design of power amplifiers
often 1s one of the toughest problems to solve. Typically this
requires several design iterations, the main reason being the
limited accuracy of the RF transistor models used, especially
with respect to the description of the non-linear behavior
thereof.

Currently, transistor models for power amplifier design
are based on DC, CV and/or S-parameter measurements.
They can be either technology-dependent analytical models,

such as Curtice Cubic, Materka, Statz, Tajima, BSIM, MM9,
VBIC, and others, or measurement based such as HP-Root.

However, these models all are based on small signal
measurements, whereas they are used in non-linear (large-
signal) operation. Hence, one can expect that these models
not always perform well in describing the hard non-linear
behavior of a device-under-test like, for example, an RF
power transistor. For these type of applications 1t 15 sug-
gested to use so-called “non-linear scattering functions,” or
more generally the describing function, which can be con-
sidered an extension of the S-parameters formalism into
hard non-linear behavior. Like S-parameters for the linear
behavior, the describing function 1s a characteristic of the
device and is independent on the (type of) measurement
system that was used to measure it.

SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide a novel
apparatus for collecting RF signal measurement data at
signal ports of an RF and microwave device-under-test,
generally for characterizing the non-linear behavior of the
device 1n a mismatched load environment, and in particular
for performing measurements for extracting the non-linear
scattering functions of a device-under-test.

It 1s a further object to provide a Non-linear Network
Measurement System (NNMS) arranged for non-linear sig-
nal data acquisition of a device-under-test in accordance
with the present mmvention.

According to the present invention, in a first aspect
thereof, there 1s provided an apparatus for collecting RF
signal measurement data at signal ports of an RF and
microwave device-under-test, the apparatus comprising
means for measuring incident and reflected RF signals at the
signal ports, synthesizer means for generating RF signals at
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a fundamental frequency and higher harmonics of the fun-
damental frequency, tuner means arranged for loading the
device-under-test under different impedance conditions for
the fundamental frequency and the higher harmonics, and
means for feeding the RF signals of the synthesizer means
to the signal ports of the device-under-test.

The apparatus according to the invention provides for a
novel data collection at the signal ports of a device-under-
test providing a tunable impedance match for both the
fundamental frequency and higher harmonics RF signals.
Thereby combining passive and active harmonic loadpull
measurements 1to one apparatus for extracting non-linear
scattering functions of a device-under-test.

In an embodiment of the invention the apparatus com-
prises lirst synthesizer means, for generating the RF signals
at the fundamental frequency, and second synthesizer
means, for generating the higher harmonics RF signals,
wherein the first and second synthesizer means connect to
the signal ports of the device-under-test by diplexer means.

By connecting, in accordance with a further embodiment
of the apparatus according to the invention, the second
synthesizer means to the diplexer means by switching
means, and by arranging the switching means for connecting
the second synthesizer means to selected ones or all of the
signal ports of the device-under-test, the higher harmonics
can be selectively 1njected at one or a plurality of the signal
ports of the device. This provides a maximum of measure-
ment fexibility.

For varying the impedance match conditions of the syn-
thesizers at the signal ports of the device, in a further
embodiment of the invention, the first synthesizer means
connect to the diplexer means by the tuner means.

In a still further embodiment of the invention, the second
synthesizer means connect to the diplexer means 1n an
impedance matched manner, such that the higher harmonics
are 1njected under matched conditions. This contributes to
the accuracy of the measurements, because i1n practice
higher harmonics up to five times the fundamental frequency
may be applied.

In order to even further enhance the accuracy of the
measurement, 1n another embodiment of the invention, the
first synthesizer means connect to the tuner means by means
for terminating the higher harmonics.

Preferably, means for biasing the device-under-test con-
nect by the tuner and diplexer means to the signal ports of
the device-under-test.

For collecting and processing the measurement data a
commerclally available Non-linear Network Measurement
System (NNMS), such as provided by Agilent Technologies,
1s used for data collecting, 1.e. data acquisition and process-
ing for extracting the non-linear scattering functions for
characterizing the non-linear RF signal behavior of the
device-under-test.

The mvention further relates to an arrangement compris-
ing synthesizer means for generating RF signals at a fun-
damental frequency and higher harmonics of the fundamen-
tal frequency, tuner means arranged for loading the device-
under-test under different impedance conditions for the
fundamental frequency and the higher harmonics, and
means for feeding the RF signals of the synthesizer means
to the signal ports of the device-under-test.

The mvention also provides a modified Non-linear Net-
work Measurement System (NNMS) enhanced by the
arrangement disclosed above, for providing a single inte-
orated apparatus for performing the measurements accord-
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ing to the present invention, as much as possible 1n an
automated manner.

The above-mentioned and other features and advantages
of the invention are illustrated 1n the following detailed
description with reference to the enclosed drawings.

BRIEF DESCRIPTION OF THE DRAWING

A method and apparatus i1n accordance with this
invention, for collecting RF signal measurement data at
signal ports of an RF and microwave device-under-test, will
now be described, by way of example, with reference to the
accompanying drawings, in which:

FIG. 1 shows, 1n a schematic and illustrative manner, an

embodiment of apparatus for performing the method accord-
ing to the mmvention.

DETAILED DESCRIPTION OF THE
EMBODIMENT

FIG. 1 shows a general embodiment of the apparatus
according to the invention, for collecting signal data of a
Device-Under-Test (DUT) 3, having a first and a second
signal port 1, 2, respectively.

The DUT 3 connects at each of the signal ports 1, 2 by
couplers 4, 5 to a data measurement device 6, such as a
Network Analyzer (NA). For the purpose of the present
invention, a Non-linear Network Measurement System
(NNMS) commercially available from Agilent Technologies
1s advantageously used.

The data measurement device 6 further comprises bias
supply and monitoring means 7 for supplying bias voltages
and currents for DC biasing of the DUT 3. The biasing
signals are provided at the signal ports 1, 2 of the DUT
through bias tees 8, 9, respectively. Each such bias tee 8, 9
comprises a capacitor and mductances, €.g. coils, for sup-
plying the bias voltages and bias currents.

At an input of each bias tee 8, 9 terminating at the
capacitor, first synthesizer means 10, 11 connect. These first
synthesizer means 10, 11 are arranged for providing an RF
signal at a fundamental frequency of the DUT 3.

Series connected with the first synthesizer means 10, 11
are amplifier means 12, 13 and wave terminating means 14,
15, such as circulators having a terminating load 16, 17
connected thereto.

Second synthesizer means 18 connect to switching means
21 by amplifier means 19, loaded with loads 20. The second
synthesizer means 18 are arranged for generating higher
harmonic frequencies of the fundamental frequency, up to
five times or more. The loads 20 are matched loads for
properly terminating the diplexers 22, 23.

The switching means 21 connect to a first port of diplexer
means 22, 23, respectively. A second port of the diplexer
means 22, 23 connects 1n each case by a tuner 24, 25 to an
output of the respective bias tees 8, 9. Through the switching
means 21, and the corresponding diplexer means 22, 23 the
higher harmonics can be applied at either one or both of the
signal ports 1, 2 of the DUT 3. This provides a very flexible
measurement setup.

The diplexers 22, 23 are arranged such that the funda-
mental power 1s directed to the port thereof marked by a “¢”,
while the power of all higher harmonics 1s directed to the
other port, marked by a “#”. In use, the tuners 24 and 25 can
be tuned such that for both the fundamental frequency and
the higher harmonics, the DUT 3 operates under different
load conditions, for obtaining measurement data for extract-
ing parameters for describing the non-linear behavior of the

DUT 3.
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It 1s noted that the DUT 3 does not necessarily has to be
limited to devices having just two signal ports, such as an
input port and an output port. The apparatus according to the
present 1nvention may be designed for use with DUTs
having a plurality of signal ports.

The apparatus according to the invention may be provided

as a separate arrangement for use with a network analyzer,
such as the NNMS, or can be mtegrated with such an NNMS

as schematically indicated by dashed lines 26, with the
exception of the DUT 3. Processing of the measurement data
for extracting the describing function 1s preferably per-
formed by the NNMS 26, including suitable processing
means.

The mvention 1s not limited to the arrangement shown.
Those skilled m the art will appreciate that a number of
modifications can be made for measuring a device-under-
test under different load conditions, without departing from
the novel and inventive teachings of the present invention.

What 1s claimed 1s:

1. An apparatus for collecting RF signal measurement
data at signal ports of an RF and microwave device-under-
test, said apparatus comprising:

means for measuring mncident and reflected RF signals at
first and second signal ports of said device-under-test;

first synthesizer means for generating RF signals at a
fundamental frequency;

second synthesizer means for generating RF signals at a
selectable higher harmonics of said fundamental fre-
quency; and

tuner means arranged for loading said device-under-test
under different impedance conditions for said funda-
mental frequency wherein said RF signals of said first
synthesizer means are fed to said first and second signal
ports via said tuner means, and said RF signals of said
second synthesizer means are fed to at least one of said
first and second signal ports.

2. An apparatus according to claim 1, wherein said {first
synthesizer means connects to said first and second signal
ports of said device-under-test by diplexer means, and said
second synthesizer means connects to at least one of said
first and second signal ports of said device-under test by said
diplexer means.

3. An apparatus according to claim 2, wherein said second
synthesizer means connect to said diplexer means by switch-
ing means, said switching means being arranged for con-
necting said second synthesizer means to selected ones or all
of said signal ports of said device-under-test.

4. An apparatus according to claim 3, wherein said second
synthesizer means connect to said diplexer means in an
impedance matched manner.

5. An apparatus according to claim 2, comprising biasing,
means for biasing said device-under-test, said biasing means
being connected by said tuner means and diplexer means to
said signal ports of said device-under-test.

6. An apparatus according to claim 1, wherein said first
synthesizer means connect to said tuner means by wave
terminating means.

7. An apparatus according to claim 1, wherein said first
synthesizer means comprises (a) a synthesizer for generating
an RE signal for said first signal port and (b) a synthesizer
for generating an RE signal for said second signal port.

8. An apparatus according to claim 1, wherein said means
for measuring incident and reflected RF signals comprise a
Non-linear Network Measurement System (NNMS).

9. An arrangement for use with means for collecting RF
signal measurement data of an RF and microwave device-
under-test, said arrangement comprising:
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first synthesizer means for generating RF signals at a
fundamental frequency;

second synthesizer means for generating RF signals at a
selectable higher harmonic of said fundamental fre-
quency; and

tuner means arranged for loading said device-under-test
under different impedance conditions for said funda-
mental frequency,

wherein said RF signals of said first synthesizer means are
fed to first and second signal ports of said device-under-
test via said tuner means, and said RF signals of said
second synthesizer means are fed to at least one of said
first and second signal ports.

10

6
10. Non-linear Network Measurement System (NNMS)

arranged for collecting and processing incident and reflected
measurement data of a device-under-test, for characterizing
non-linecar RE signal behavior of a device-under-test, said
NNMS further comprising an arrangement according to
claim 9.

11. An arrangement according to claim 9, wherein said
first synthesizer means comprises (a) a synthesizer for
generating an RE signal for said first signal port and (b) a
synthesizer for generating an RE signal for said second
signal port.
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